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Introduction

	Rose-Hulman has long held a high standard of excellence in the world of academia. This standard is rigorously kept and is what makes Rose one of the best institutions of its kind. Students are given real work, kept to a real standard of academic accountability, and are expected to produce convincing results in every study they undertake. As part of this training, incoming freshmen at Rose-Hulman are required to work in teams to design and construct a technical project, a course entitled ‘Freshman Design’. For the 2008-2009 academic year, freshmen were given a project which involved moving five marbles from outside a box into a target inside a guard box. Points were given and deducted based on the design’s ability to perform the given criteria in a timely, efficient and reliable manner.  As Catapulters, our team assignment was to design and construct three separate working models. We were able to finish and test two; the third had to be stopped due to lack of time.
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Fig 1.1 - Target Layout

	The marbles must start outside the 3x3m box (Fig 1.1) at a height no greater than 10cm off the ground. They must then be transported from that point, over the guard box and dropped into the primary target (100pts), Secondary Target (25pts), or Guard Box (5pts). This operation must be completed using only the potential energy supplied by a 2 liter water bottle, dropped from a height no greater than 2m. The marbles can be transported one at a time; however, more points will be awarded if all five marbles are transported simultaneously. All the marbles must be moved to the target in less than ten minutes including setup time.



Method

	To begin solving the objective, our team brainstormed to generate ideas, a strategy learnt at the Teaming Session. Once we completed this step, we separated the concepts into groups based on relativity. Then, following the rest of the steps, we selected the two best ideas we developed. To better understand what the designs would look like, we drew out plans on paper to determine the unit dimensions. This was an advantageous step because it allowed us to better construct the design when the time came.
	The lever arm (Fig 1.2, shown below) design consisted of one frame holding the rotating arm and a ramp to transport the marbles from the arm to the target. To save cost on energy, the arm’s fulcrum point was adjusted to be as close to equilibrium as possible while still meeting the requirement of using no potential energy outside of the two liter water bottle.  
[image: ]
Fig 1.2 - Lever Arm

The second design was the belt drive (Fig 1.3, shown below) system. To lift the marbles to a point where gravity could carry them down a PVC ramp to the target tube, we utilized an elevator system consisting of a tower with two rotating discs. A rubber belt was wrapped around the discs and the water bottle was attached, acting as a counter weight. Opposite and below the bottle was a PVC tube holding the marbles.
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Fig 1.3 – Belt Drive


Results

	After construction of the designs was complete, a proctored test run was conducted to decide which design was most effective. A score was assigned (see Table 2.1 below) based on which target the marbles came to rest in, the cost of the system, and the energy provided by the water bottle (volume of water and distance traveled). The equations used to score each design are shown below (provided in the project syllabus). 

Score Calculation Model = (0.3 * energyscore) + (0.6 * accuracy) + (0.1 * costscore) – penalties

Energyscore = 100 – [(hm)/(2m2kg) * 100]

Costscore = 100 – [(cost – 20)/200] * 100

	The first design tested was the Lever Arm. The swinging arm model was set up outside the 3x3 meter and positioned so that when activated it would transfer the marbles into the ramp which would, in turn, deposit the marbles inside the PVC target. The mass of water needed to flip the lever was 0.407 kg and was dropped a total height of 55.5 cm. With the lever arm upside down, the marbles were able to roll down the ramp and land in the 100 point PVC pipe. The overall cost of the design was $29.43.

Score of Lever Design = (0.3 * 94.36) + (0.6 * 500) + (0.1 * 95.285) – 0 = 338.15

	The second design that was tested was the Belt Drive System. Utilizing the potential energy from a 2 liter water bottle filled with 1.4 kg of water and dropped 55.5cm, the belt rotated and raised the PVC pipe that carried the five marbles. The marbles then rolled down the PVC ramp and landed in the 100 point PVC pipe. The overall cost of the design was $22.88.

Score of Belt Drive Design = (0.3 * 81.1) + (0.6 * 500) + (0.1 *98.56) – 0 = 334.2

Table 2.1 - Scoring Sheet

	Scoring Table

	Criteria
	Lever
	Belt Drive

	Height Dropped
	55.5 cm
	54 cm

	
	
	

	Volume of Water
	0 .407 kg
	1.4 kg

	
	
	

	Resting Target
	500 points
	500 points

	
	
	

	Cost Score
	95.285 
	98.56

	
	
	

	Penalties
	0
	0

	
	
	

	Total Score
	338.15
	334.2

	
	
	


















Analysis

To determine which design was best, we drew a table (Table 2.2, shown below) to compute a weighted score for each design. We rated each design using objective measures, shown in the graph below. Because all criteria were not of equal importance, we assigned them value which would total 1.0. Next we ranked the designs based on the criteria with “2” being the best and “1” representing the worst. 

Table 2.2 – Weighted Scores

	Criteria
	Weighted Criteria
	Design Score

	
	
	Belt Drive
	Lever Arm

	Cost
	0.2
	2
	1

	
	
	
	

	Ease of Manufacture
	0.2
	1
	2

	
	
	
	

	Predictability/Reliability
	0.3
	2
	1

	
	
	
	

	Setup/Breakdown Time
	0.1
	2
	1

	
	
	
	

	Ease of Math Models
	0.1
	2
	1

	
	
	
	

	Elegance/Creativity
	0.1
	1
	2

	
	
	
	

	Total:
	1.0
	
	




After we ranked the designs we weighted them based on the importance of the criteria by multiplying the Design Score by the Weighted Score as seen in the table below. Finally, to determine the optimal design, we added the Weighted Scores of each design (see Table 2.3 below). The design with the highest score, in this case the Belt Drive, was most effective for transporting the marbles to the target PVC pipe. 

All of our results are summarized below in Table 2.3.











Table 2.3 – Final Weighted Scores

	Criteria
	Weighted Score of Design

	
	Belt Drive
	Lever

	Cost
	0.4
	0.2

	
	
	

	Ease of Manufacture
	0.2
	0.4

	
	
	

	Predictability/Reliability
	0.6
	0.3

	
	
	

	Setup/Breakdown Time
	0.2
	0.1

	
	
	

	Ease of Math Models
	0.2
	0.1

	
	
	

	Elegance/Creativity
	0.1
	0.2

	
	
	

	Total:
	1.7
	1.3




Discussion

	Looking back at the design and construction process we undertook in this project, we can draw several very helpful conclusions. Independent of the success of either model, we both better understand the problem solving process faced by real engineers every day; the ability to solve a problem is paramount to success in their world, and we now grasp that more fully. In addition, we had the excellent experience of working in a full-feature machine shop.
	According to the official scoring system, the Lever Arm was the better of the two designs. However, the rating was very close and in our own, unofficial scoring system, the Belt Drive came out on top. This happened because we weighted a Reliability score very highly in our own scoring. The Belt Drive, though less efficient, was far more reliable than the Lever Arm. For this reason, we put the Belt Drive System forward as our best design.
	On that note, we recommend the Belt Drive System to all future designers. Ease of manufacture, reliability, and low cost all point towards the most successful project conclusion possible. 
 








	Freshman Design Inventory

	
	
	
	
	

	Design
	Product
	Quantity
	Store Price
	Actual Price

	 
	 
	 
	 
	 

	Lever Arm
	 
	 
	 
	 

	 
	3/4'' PVC Pipe
	262 in
	$0.30 per foot
	$6.55 

	 
	1/2'' PVC Pipe
	45.5 in
	$0.25 per foot
	$0.95 

	 
	PVC "T" Joints
	8 units
	$0.46 per unit
	$3.68 

	 
	PVC Elbow Joints
	7 units
	$0.15 per unit
	$1.05 

	 
	PVC Coupling Joints
	9 units
	0.29 per unit
	$2.69 

	 
	Toilet Plunger
	2 units
	$1.50 per unit
	$3.00 

	 
	1/8'' Steel Dowel
	14 in
	$6.88 per 12 in
	$8.02 

	 
	Plastic Cups
	1 unit
	$3.00 per 20 cups
	$0.15 

	 
	Plastic Funnel
	1 unit
	$2.71 per unit
	$2.71 

	 
	Tape
	1 roll
	$1.98 per roll
	$0.10 

	 
	Sting
	1 roll
	$1.50 per roll
	$0.53 

	 
	 
	 
	Total Price:
	$29.43 

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Drive Belt
	 
	 
	 
	 

	 
	3/4'' PVC Pipe
	65 in
	$0.30 per foot
	$1.63 

	 
	1/2'' PVC Pipe
	31.5 in
	$0.25 per foot
	$0.66 

	 
	PVC "T" Joints
	5 units
	$0.46 per unit
	$2.30 

	 
	PVC Elbow Joints
	2 units
	$0.15 per unit
	$0.30 

	 
	PVC Coupling Joints
	4 units
	0.29 per unit
	$1.16 

	 
	Toilet Plungers
	2 units
	$1.50 per unit
	$3.00 

	 
	Plastic Cups
	1 unit
	$3.00 per 20 cups
	$0.15 

	 
	Door Lock
	1 unit
	$1.22 per unit
	$1.22 

	 
	1/2'' Aluminum Dowel 
	6 in
	$6.40 per 6 in
	$6.40 

	 
	3/4" Plywood
	172.25 in²
	$2.67 per ft²
	$0.45 

	 
	1'' Wood Screws
	21 Units
	$6.47 per 100 screws
	$1.36 

	 
	3/2'' Rubber Belt
	60 in
	$0.85 per ft
	$4.25 

	 
	 
	 
	Total Price:
	$22.88 
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